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PROGRAM MANAGEMENT 

STATUS SUMMARY 

As a resul t  of joint NASA-S&ID discussions, Master Development 
Schedule 6 was approved and issued. 
manufacturing completion dates for all spacecraft  and includes boilerplates 
26 and 27 a s  backup vehicles for micrometeoroid experiments and dynamic 
tes t s .  

This new schedule extends the 

The f i r s t  boilerplate 3 drop tes t ,  using a cluster of three ringsail 
parachutes, was successfully conducted during the report  period. 
a r e  four t e s t s  with boilerplate 3 in this s e r i e s  scheduled pr ior  to testing of 
boilerplate 6 at WSMK. 
by NASA; one was delivered to  Houston. 

There 

Nine mock-ups have been compieted and accepted 

Mock-ups 5, 18, and 2 have been accepted by NASA, completing the 
mock-up requirements for the Apollo program. 

The following parachute drop tes t s  were successfully performed 
during the repor t  period: threeltests with the Pioneer single, solid chute; 
four tes ts  with an upper-half solid, lower-half ringsail single chute; one 
t e s t  with a cluster of two half-ringslot and half-ringsail chutes; and one 
drogue test. 
per  form satisfactorily . 

A cluster of two half-solid, half-ringsail chutes failed to  

The launch escape tower static tes t  firing was conducted during the 
repor t  period. 
escape and pitch control motors performed successfully. 

Prel iminary motor performance data indicated both launch 

A 3-week study was made to determine the feasibility of using a fixed- 
position crewman's couch in the command module instead of the existing 
variable position couch design. NASA approved the fixed- couch concept. 

The qualification program on the tower jettison motor was s tar ted 
during the report  period. 
s ta t ic  -te s t ed. 

The f i rs t  vibration tes t  motor was successfully 
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CONTRACTS 

Cost Propo sals 

A budgetary and planning estimate w a s  completed on the cost  for  
maintenance of the gantry and associated air -conditioning unit. 

ASSOCIATE CONTRACTOR RELATIONS 

S&ID and Grumman a r e  jointly formulating analysis programs on 
space heat t ransfer ,  environmental control system, and propulsion. 
Analyses previously performed by S&ID form the basis  of data and computer 
programs provided to Grumman. 

SUBCONTRACT STATUS 

The negtiation bases  for ten of the major subcontractors have been 
presented to NASA for review. 
contractors with whom negotiations have been completed. 
currently in process with seven additional contractors.  
for completion of these negotiations a r e  a s  follows: 

Contracts a r e  being written for those five 
Negotiations a r e  

The target  dates 

Subcontractor 

Aerojet 
AiResearch 
Collins 
Mar qua r dt 
Minneapolis -Honeywell 
Northrop- Ventura 
P ra t t  & Whitney 

NEW PROCUREMENTS 

Targe t  Date 

May 1963 
May 1963 
May 1963 
May 1963 
June 1963 
June 1963 
May 1963 

During the report period, the following contractors  were selected: 
Link Divison, General Precis ion Instruments,  for the mission simulator;  
Simmonds Precision Products for the propellant quality indicating system; 
and Giannini Controls Corporation for the propellant gauging system. 

, 
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Target  Date 

2 kmc antenna 
Beacon antenna 
In-flight tes t  system 
T V  camera  
P y r ot e c hnic bat t e r ie s 

May 1963 
May 1963 
May 1963 
May 1963 
May 1963 
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0 

DEVELOPMENT 

TECHNOLOGY 

Flight Pe r  fo r man c e and Cont r ol 

A review of the optimum test conditions (S-1 abort  parameters )  for 
boilerplate 22 was made. 
condition be changed f rom a simulation of abort at 180,000 feet, Mach 
number 4.5, to an abort  at 60,000 feet, Mach number 2.25. The la t ter  
condition i s  the highest altitude at which high dynamic p res su re  must be 
considered in  a launch escape subsystem (LES) abort  situation. The 
60,000 foot t e s t  is desirable  because it will demonstrate two possibly 
cr i t ical  aspects of abort: any destabilizing effect of la rge  LES motor plumes 
on the command module, and the ability of the command module reaction 
control subsystem (RCS) to a r r e s t  module rotation following tower jettison. 
Tower jettison occurs  at the maximum dynamic p res su re  when abort  takes 
place at 60,000 feet. 

It was recommended to NASA that the t e s t  

The service module RCS propellant requirements for ro l l  control of 
the S-IVB booster,  lunar excursion module, and spacecraft  during three 
ear th  orbits were investigated as a par t  of the S-IVB Apollo control and 
interface problem. 
0.2 degrees per second, the propellant required is two pounds; this 
propellant requirement is  increased to five pounds for  a maneuver r a t e  
of 0.5 degrees per second. 
for coast attitude control (*0.5 degrees deadband) and minimum impulse 
control during navigational sightings (19 sightings as sumed). 

Fo r  six-roll  orientations with a maneuver r a t e  of 

An additional 1.5 pounds of propellant i s  required 

An analysis to determine what additional velocities a r e  necessary to 
perform translunar injection f rom three successive orbi ts  has  been com- 
pleted and correlated with propellant reserve  data. 
other than the intended orbit  will require  a plane change of approximately 
3.8 degrees per orbit  for the most unfavorable orientation of the ear th ,  moon, 
and parking orbit .  The current NASA S-IVB lunar launch window propellant 
r e se rves  (60 me te r s  per second o r  197 feet  per second) a r e  sufficient only 
to accomplish this plane change maneuver. Therefore,  translunar injection 
could be performed f rom any of three successive parking orbits.  
and third orbits would require a plane change of equal magnitude; the second 
orbi t  would require  no plane change for injection. 

Injections performed from 

The f i r s t  

5 
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A generalized study of t ransear th  entry loci and entry range 
requirements as a function of lunar declination was completed. 
latitudes ranging from 0 to 30 degrees and inclinations of the t ra jectory 
plane to the equatorial plane ranging from 0 to 60 degrees  were.considered. 
The resulting information is being used to evaluate several  combinations of 
entry constraints,  to establish a prefer red  entry technique. 

Landing s i te  

Thermal  and Fluid Dynamics 

Tes t s  a r e  being conducted and studies made of the basic propellant 
management techniques relative to propellant settling with the RCS engines 
and the associated slosh and geysering. It was determined previously not to 
use  positive expulsion of the serv ice  propulsion subsystem (SPS) tanks. 

An analysis comparing subscale SPS AEDC tes t  data on the Columbium- 
titanium nozzle and simulated aft bulkhead with analytical predictions was 
completed. 
the actual emissivity values determined by the fir ings.  

Results showed close correlation between calculated values and 

A comparison of the gas dynamic parameters  affecting solid propellant 
exhaust impingement on spacecraft  windows (during tower jettison) was made 
for  both Mercury and Apollo. Results indicate the total mass contacting 
the windows is slightly greater  for Apollo, and the drag  force from the 
exhaust, which tends to remove the deposits, is much grea te r  for Mercury. 
The presence of window deposits on Mercury flights indicates the same 
visibility problem must be resolved for’ Apollo. 

The effects of radiation interchange between the SPS nozzle extension 
and two aft bulkhead heat shield configurations have been determined, 
considering engine gimbaling and engine duty cycle. For  an engine location 
10.5 inches aft of the present location, the resu l t s  indicate respective maxi- 
mum nozzle temperatures  of 2417 F and 2356 F fo r  the 160-inch round and 
1 1-inch flat toroidal heat insulation shield configurations. 
tu res  a r e  within design limitations. 

These tempera-  

The proposed air vent fo r  the cavity between the inner and outer 
s t ructure  of the command module was studied to determine the feasibility 
of employing a heat sink, such as heat exchangers, during reent ry  
pressurization. 
the cavity may be lowered to a safe level by using a heat  sink of reasonable 
weight. 

Results of this study indicate the enthalpy of the gas entering 

Electron densities around the command module during atmospheric 
entry have been estimated for five altitude-velocity combinations in the 
ranges of 200,000 feet to 280,000 feet and 25,000 fee t  per  second to 
36,000 feet per second, respectively. Electron density i s  i n  the range of 

m L  6 
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10 l2  to 1013 electrons per  cubic centimeter in all  cases ,  which exceeds the 
maximum electron density a t  which radio communication is possible. 

Prel iminary resul ts  from the launch escape vehicle-service module sep- 
aration t e s t s ,  using a hot jet-effect model, showed a significant increase in  
launch escape vehicle drag due t o  proximity effects during separation from 
the service module at  transonic Mach numbers. These data a r e  being used 
to formalize separation techniques. 

Large amplitude (*20 degrees) f r ee  oscillation dynamic stability tes t s  

An.gles of attack and sideslip calibrations of 
of lunar excursion module and command module models, with and without 
s t rakes ,  have been completed. 
a Nortronics Q-ball also have been conducted. 

A cold flow jet effects model of the launch escape vehicle has been 
designed, constructed, functionally checked out, and shipped. It will be 
tes ted to investigate further the stability of the launch escape vehicle during 
LES operation and to obtain data on the jet plume impingement a r e a  on the 
command module. 

The oxygen p res su re  and temperature in  the command module at  the 
end of the f i r s t  five minutes of emergency flow following a meteorite puncture 
were  determined. With an emergency oxygen flow ra te  of 0.67 pounds per 
minute, the final conditions a r e  3.8 psia  at 65 F. The minimum temperature 
of the emergency oxygen entering the command module cabin was assumed 
to be 275 F. 

0 

Prel iminary analysis of available solar radio frequency emission data 
shows an optimum frequency fo r  a solar  proton warning detection system to 
be between 1000 and 3750 megacycles per second. 

The capacities of the cooling systems for  boilerplates 13 and 18, with 
thermal  insulators under the coldplates, uninsulated coolant tank and l ines,  
and with all telemetry equipment on full power during orbit ,  were analyzed 
and found to be adequate. 

Life  Systems 

A study was conducted to determine the feasibility of using a fixed- 
position crewman's couch in the Apollo command module instead of the 
existing variable-position couch design with the following conditions assumed: 

1. Vehicle center of gravity i s  controllable to maintain a l if t- to-drag 
ratio of 0.5. 

2. Couch i s  fixed with a 2-degree back angle. 

7 
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3 .  Open-hip angle is as large as possible. 

4. Astronaut's legs c lear  the main instrument panel and feet c lear  
the guidance and navigation panel located at  the lower equipment 
bay. Impact attenuation is provided in  the footward direction SO 

that differential foot and torso  attenuation allow the hip angle to 
close during attenuation. 

5. Any requirement for repositioning of the crew during docking will 
not affect the major  couch s t ructure  in  any way. 

Employing preliminary mock-up analysis and data on center of gravity 
shifts, attenuation kinematics, and a revised configuration obtained f rom the 
2-degree back angle, fixed-couch studies were made of body clearances and 
redefined reach  and vision envelopes. 

Optimum controller location was determined. The necessity and extent 
of relocation of the instrument panel and rearrangement  of the controls and 
displays were studied. 
considered. A preliminary insight was gained into design effect on mission 
phase, crew tasks,  and performance interfaces.  Design interfaces were 
coordinated and the resulting data integrated for final evaluation. 

Necessary res t ra in t  harness  modifications were  

NASA reviewed the study,findings and authorized S&ID to incorporate 
the fixed-couch concept. 
elimination of position adjustments by the crew,  and improved crew 
acceleration environment during reentry.  
at 108 degrees to provide greater  astronaut comfort and to allow closure of 
this angle to 66 degrees, resulting in improved res t ra in t  under impact. In 
general, crew mobility, comfort, capability, and safety will not be 
compromised. 

The concept has  the advantage of simplified design, 

Open-hip angle can be established 

The use  of the fixed couch will require  relocation of the main and side 
display panels and repositioning of the translational and rotational hand 
controllers. 
on the fixed couches for proper viewing during rendezvous and docking 
operations. 

Crew members  will be required to adjust their  normal position 

To implement these changes, further studies will be required including 
mock-up studies to determine functional arrangement  of display and control 
panels. Visual aids for viewing of tower jettisoning and parachute 
deployment, where necessary,  will be evaluated. 
viewing the horizon through the side windows by an astronaut in  a 
restrained position on a fixed couch will also be studied. 

The requirements for  

8 
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/ 

Simulation and Tra iners  

The Apollo entry phase is being simulated by computers. Results 
indicate sufficient analog computer accuracy exists for establishing most 
initial design parameters  relating to the entry systems. 
to employ digital computing devices only in cri t ical  computational a reas .  

It will be necessary 

Current Apollo spacecraft  system configurations and requirements are  
being used to adapt the present simulator to support investigation of the entry 
survival system, A control stick and simple panel instrumentation a r e  being 
added to provide basic information and control for pilot operation. 
study will be incorporated in the evaluator 1 simulation complex during the 
next report  period. 

This 

Structural  Dynamic s 

Differences in stability between the 1 / 10 scale model and boilerplate 

Initial tests with this gap 
in water  impact drop tes ts  have been resolved by sealing the gap between 
aft heat shield and side walls on the boilerplate. 
sealed have shown excellent agreement with the model tests. 

Tes ts  using the 1 / 1 0  scale model indicate a command module with 
0-degree roll  attitude a t  impact w i l l  come to r e s t  in the over-turned stable 
position for horizontal velocities in  excess of 10 to 15 feet per second. 

A 1 /  10 scale  model is being designed and fabricated to extend flotation 
stabiiity investigations. 
center  of gravity position, and a variable flooding feature. The la t ter  will 
permi t  simulation of water landing and flotation stability sequence wherein 
the vehicle flotation attitude changes a s  water enters  the sk i r t  a reas .  

It will have provisions for changing weight and 

It has been recommended to NASA that a birdcage (s t ructural  skeleton) 
boilerplate be used for land impact testing. 
evaluation of s t ructural  deformation properties a t  impact a t  a fraction of the 
cos t  of an  actual command module. 

This type of boilerplate allows 

A study was initiated to demonstrate the s t ructural  integrity of 
boilerplate 13 service module when exposed to acoustic excitation generated 
during flight f rom Mach numbers of 0.7 to 1.6. 
was  decided to relocate five vibration pickups on boilerplate 13 but to retain 
the 15 p res su re  measurements  currently scheduled. 

A s  a result  of this study i t  

Vibration measurements on boilerplate 6 were  changed f rom *50 g to . .  g ~ P C ~ U S ~  ef prz!imir,ar~ r ~ s r ; ! t e  froi-i-1 the L E S  tower-engine static 

9 - 
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firing. 
in the static firing a r e  probably attributable to the support / res t ra int  system 
used in the test. 

This is a precautionary measure  as high vibration levels measured 

SPACECRAFT AND TEST VEHICLES 

Structures 

L 

The f i r s t  drop test  of boilerplate 3 was conducted successfully on 
This tes t  evaluated the ear th  landing subsystem (ELS) under 3 May. 

conditions approximating those anticipated for the pad abort  tes t  of boiler-  
plate 6. The drop was initiated at  13,000 feet. 
stabilization chute, jettison of the apex cover, deployment of the drogue 
and pilot parachutes, inflation of the main chute, re lease  of the aft heat 
shield, and impact conditions occurred as programed. 

Operation of the 

One land drop and 16 water drops of boilerplates 1 and 2 were  
conducted during this report  period. Results have identified the variations 
in stable floating attitudes that a r e  produced by boilerplate rol l  orientation 
pr ior  to impact. 
upright stable position. 
a stable position with the docking hatch below the water line. 
g levels with boilerplate suspension angles of 30 degrees were  approxi- 
mately half the level of those a t  a 5-degree pitch angle. 

At high g levels, the boilerplate comes to r e s t  in an 
At low g levels, the boilerplate comes to r e s t  in 

Impact 

The spacecraft service module radial  beam successfully sustained 
100 percent l imit  load for end boost and maximum q conditions without 
permanent set. 
maximum q with negative external air p re s su re  requirements and maximum 
q with positive external p re s su re  requirements pr ior  to failure under the 
la t ter  condition. 

The beam car r ied  109 percent ultimate load for both 

Radiation testing of command module window mater ia l  resulted in 
discoloration of the Corning 1723 glass specimen when subjected to electron 
radiation. Twenty-four hours after exposure, permanent internal cracks 
developed in the specimen. The extent of discoloration and cracking as a 
function of electron and proton radiation levels is undergoing further 
laboratory investigation. 

The window cover design was simplified by substitution of a fixed 
high-temperature outside pane (parallel  to the present  inner pane) to replace 
the mechanically operated window covers. 

10 4NMWiWhL 
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Guidance and Control 

Optical range requirements for checking the alignment of the navigation 
and guidance subsystem a t  S&ID w e r e  studied jointly with MIT. 
surveying scheme requiring a minimum unobstructed angle of view of 
100 feet a t  44 degrees was proposed. 
on a fixture hanging from the command module o r  on a tower were  proposed 
as alternate methods. 
be made on the command module when it is installed on the service module. 
These measurements will yield tolerance figures that will aid the design of 
alignment tes t  fixtures. When these sway tolerances a r e  determined, the 
studies with MIT will be continued. 

A basic 

Plans for mounting autocollimators 

It has been determined that sway measurements must  

A survey of stabilization and control subsystem (SCS) power 
requirements was made. 
over-al l  SCS requirements for a 14-day mission a r e  49 kw hours. 

The conclusions of the study indicated that the 

Simulation of typical flight problems (including entry) were performed 
in the Minneapolis -Honeywell simulator, using both the T-handle with 
Gemini-type hand controllers and the two proposed flight director  attitude 
indicator (FDAI)  displays. 
runs. Evaluation of the tes t  data will be performed a t  a joint S&ID, NASA, 
and Mineapolis-Honeywell meeting during the next repor t  period. 
anticipated that resolution of the hand controller and FDAI problem a r e a  
w i l l  be accomplished a t  that time. 

Several astronauts performed the simulated 

It i s  

During the repor t  period, an analysis of the effect of pseudo-rate 
cutout during manual maneuvers was  completed by Minneapolis -Honeywell. 
The present automatic flight control system mechanization contains a 
constant pseudo-rate feedback gain in the switching amplifier. 
variation in spacecraft  inertias during the midcourse phase of the lunar 
orbiting rendezvous mission requires a compromise in the pseudo-rate 
ga in  that results in an undesirable amount of je t  pulsicg during maneuvers 
with large spacecraf t  inertias.  
of j e t  inefficiency for short  impulses. 

A wide 

This increases  fuel consumption because 

An analog computer study was conducted to evaluate the significance 
of this jet  pulsing on mission fuel consumption and to determine what system 
modifications can be made to minimize these effects. 
recommendations a r e  the result  of the analog computer study in which the 
parameter  changes in question were studied and verified. 

accelerat ion capability (corresponding to variations in spacecraft  inertia 

The following 

Manual ra te  
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through the lunar orbital rendezvous mission), and t ime histories of 
spacecraft  ra te ,  attitude, pseudo-rate, jet pulsing frequency, and fuel- 
consumption were  recorded. 

1. If pseudo-rate feedback is disabled during manual ra te  
maneuvers, a reaction-jet fuel saving of greater  than 30 pounds 
for the midcourse phase of the lunar orbital  rendezvous mission 
will be accomplished. 

2. Over 90 percent of the maneuvers made during midcourse will 
be accomplished by manual commands. 

3 .  Increasing the pseudo-rate gain significantly improves stability 
during operation with the ra te  gyros shut down. It a lso has the 
effect, however, of reducing spacecraft  attitude accuracy during 
translational maneuvers. 

Based on the above, the following system changes a r e  recommended: 

1. Disable the pseudo-rate feedback during manual translational 
and rotational maneuvers. 

I 

2. Increase the pseudo-rate feedback gain to 1.0 degrees ,  and 
increase the switching amplifier hysteresis  to 0.007 degrees.  

Telecommunications 

The problem in testing traveling wave tubes a t  Collins radio has  been 
resolved by closer control of voltage input f rom the testing equipment. 
Traveling wave tubes a r e  now performing satisfactorily in tes t s  and no 
further problems a r e  anticipated. 

The V H F  recovery beacon is being changed to an interrupted tone- 
modulated continuous wave beacon; no significant schedule delays should 
result. 
procurement specification for use in the event of loss  of synchronization 
signals from the central timing equipment. 
have been changed to 40 millivolts full scale and the five-point calibration 
capability has been changed to a two-point calibration. 

An integral oscil lator has  been added to the PCM telemetry 

The 250 millivolt input channels 

The addition of VHF up-data link equipment to the spacecraft  has  been 

This V H F  up-data 
initiated. 
procurement specification have been submitted to NASA. 
link equipment enables information to be t ransmit ted f r o m  ground to 
spacecraft for automatic display to the astronaut.  

An implementation plan and a rough draf t  copy of the equipment 

12 Y 
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Instrumentation 

The instrumentation previously installed in  boilerplate 6 has been 
revised. The instrumentation now incorporates conical surface p re s  s u r e  
t ransducers  that have a range of 2 to 22 psia as compared with the 15- to 
30-psia range capability previously available. 
wiring harness  has been installed. 

A new instrumentation 

Telemetry channels have been assigned and provisions made to 
monitor the launch escape motor chamber p re s su re  and the pitch control 
motor chamber p re s su re  for boilerplate 6. 

Breadboard tes ts  of instrumentation for  boilerplate 12 have been 
completed successfully. 
are  arr iving a t  Downey and a r e  being calibrated and functionally verified. 

Components for boilerplate 13 instrumentation 

Complete instrumentation equipment l i s t s  for  the propulsion systems 
qualification tes t  vehicles (spacecraft 001 and tes t  fixture F - 2 )  were  
released. Installation design for instrumentation on F - 2  has been released,  
and that for spacecraft  001  w i l l  be completed during the next report  period. 
Procurement  specifications have been prepared for the required instrumen- 
tation components. 

Environmental Control Subsvstem (ECS) 

The water management system has been simplified by completely 
separating i t  f rom the Freon system. 
by installing a pre-filled 10-pound Freon  tank in the left-hand equipment 
bay. 
use as a coolant during prelaunch and boost. 
the Freon,  waste water formed during prelaunch a n i  boost was ejected 
overboard. 
the water system but adds to i ts  safety since waste water now can be s tored 
a s  a potential emergency coolant. 

This separation w a s  accomplished 

Previously, Freon was supplied by GSE to the waste water tank for 
Concurrently, to accommodate 

The provision of a pre-fi l led Freon  tank not only simplifies 

A reevaluation of water usage curves together with consideration of 
the 18 pounds of water in the crew survival kit have resul ted in  a reduction 
of the s torage capacity of the potable water tank from 64 to 36 pounds. The 
tank has a l so  been moved f r o m  the aft equipment bay in the exterior portion 
of the command module to the lower equipment bay inside the command 
module cabin. This change protects the tank from potential impact damage 
during landing and makes available, without pressurization, an additional 
supply of potable survival water. 

13 
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The glycol pressure  relief and shutoff valves a r e  being moved f rom 

the service module to the main ECS package in the command module. 
change will minimize the use of electrical  controls in the service module. 
These controls actuate shutoff valves in case  of a malfunction of the p re s su re  
relief valves. 
manually, eliminating electr ical  power provisions. The glycol f i l l  and vent 
connections together with the flyaway umbilical disconnect panel in which 
they a r e  located a re  being moved 20 degrees c loser  to the Z-axis i n  the 
service module to avoid interference with the RCS engines in that a rea .  

This 

The shut-off valves in their new location a r e  operated 

Electrical  Power Subsystems 

Technical procurement specifications for the P r a t t  & Whitney fuel 
cells a r e  nearly complete. 
configuration of the qualified hardware and any deviation for prototype 
equipment. 

Specifications will provide a description of the 

Changes in LES and ELS sequencers for boilerplates 3, 6,  12, 13, 15, 
19, and 23 have been made to improve reliability. Redundant t imer s ,  
arming relays,  and provisions for hardline monitoring of the status of 
certain pyro firing relays a r e  being added to these sequencers. These 
changes were  made to ensure co r rec t  LES and ELS actuation of the 
sequencer operation and to provide for monitoring of cer ta in  re lays in the 
sequencers. 

Development tes ts  have been completed on. the battery charger  and 
The drawings have been re leased  for the building of qualified hardware. 

unit successfully charged batteries during the breadboard tes t s  and met all 
radio frequency interference requirements.  

Laboratory tests were  successfully completed on the d-c undervoltage 
and the a -c  failure sensing devices. 
procurement of qualified hardware. 

Drawings have been released for the 
I 

I Testing i s  continuing on the inverter  breadboard. A study to resolve 
the problem of excessive ripple due to high input a - c  impedance of the 
inverter i s  being car r ied  out. 

E 1 e c t r onic In t e r f a c e s 

The entry monitor display i s  being redesigned to provide a g versus  
A recent reevaluation of display requirements has velocity presentation. 

I revealed that a g versus  time presentation is inadequate. While a g versus  

..- 
& 
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t ime display gives adequate information for the performance of a completely 
manual entry maneuver , the information i s  insufficient to  monitor the 
navigation and guidance performance of the normal mission automatic entry. 

The wiring technique study for  the lower equipment bay has been 
completed and a mock-up of the final configuration is in process.  

The procurement specifications and specification control drawings for 
a l l  the main display console subpanel components have been made. 

Complete redesign of the main and side display consoles is  necessary.  
The redesign will include the size, configuration, and mounting angle to 
conform to the new reach and visual requirements caused by incorporation 
of the fixed crew couch concept. 
and associate  contractor equipment. 
reconfigurations of the main display panel computer keyboard/readout panel. 

This change may affect both subcontractor 
MIT has agreed to study possible 

Service ProDulsion Subsvstem (SPS) 

Cold flow tests  on the F-3 tes t  fixture were  s ta r ted  at  Downey. 
P r e s s u r e  system parameters  indicate stable operation of the system within 
the design requirements.  New sight gauge plumbing i s  required before the 
next run to cor rec t  tank liquid level readout problems. 

The 4-inch diameter Teflon-coatedtetrafluor and O-ring seals  in the SPS 
propellant system/engine interface flight hardware passed helium leak tes ts .  
The flight hardware is  presently being se t  up for nitrous oxide leak tes ts  
a f t e r  temperature  cycling. 

The SPS heat exchanger breadboard tes t  stand has been completed 
and heat exchanger testing has begun. 

A design layout of changes to the SPS propellant distribution system 
caused by relocation of the engine to  improve radiation cooling has been 
completed. 
plumbing interface and relocates the plumbing forward for improved engine 
heat  dissipation. 

The layout reflects the revised engine propellant system 

Fifty-seven f i r ings of the SPS engine were  accomplished during this 
r epor t  period. 
engine with injector A F - 3 0  were accomplished; two firings that demonstrated 
injector-propellant valve compatibility were satisfactory. 
a l l  f i r ings made during the report period. 

Six checkout and acceptance tes t  firings of the f i r s t  

Table 1 outlines 

A s  a standby measure,  in the event of possible difficulties with currcnt 
SPS engine design during altitude tes t s  a t  AEDC,  a modificd inandrcl and  

15 
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two thrust  chambers with matching titanium nozzle extensions a r e  to b 
designed and manufactured. The mandrel is to  be capable of p r o d u c d a n  
expansion rat io  of at least  18: 1 in  the thrust  chambers.  
chambers using the redesigned mandrel a r e  to have an  optimum expansion 
ratio between 6: 1 and 18: 1, as established by analysis. 

The two thrust  

Reaction Control Subsystem (RCS) 

The bracketry interface requirements and the propellant and helium 

To reduce the design and development effort and to facilitate 
port configurations have been completed for the positive expulsion tanks 
of the RCS. 
manufacturing, all tanks will have collapsing Teflon bladders with propellant 
ports located on the symmetr ical  centerline. Previously, the command 
module tanks had expanding bladders, and the fuel tank bladders were  Butyl 
rubber. 

Rocketdyne conducted tes ts  on five Phase I boilerplate engines oper-  
ating in a pulse mode. Three engines subjected to simulated mission firing 
sequence showed that 20 millisecond pulse operation produced the most  
flaking and that 250 millisecond pulse operation produced the most  glassing 
of the macerated ablative mater ia l  in the combustion chamber.  
mission duty cycle operation resulted in the "worst" combination of the two 
conditions and is considered the most  severe  tes t  condition to which the 
engines have been subjected. 

Simulated 

Two of the Phase I engines tested contained a n  inner combustion 
chamber l iner of oriented ablative mater ia l .  
was found to be insignificant, Rocketdyne has modified the configuration of 
the prototype engine to 45-degree oriented ablative mater ia l  for the inner 
combustion chamber liner in place of the macera ted  mater ia l .  

Because flaking of this l iner 

Marquardt has concentrated i ts  test  efforts to reduce injector head 
soak-back temperatures and to improve specific impulse performance. 
Fifteen tes t s  were conducted on preprototype and prototype engines. 
Monomethylhydrazine was used during two of the tes t s  to determine the 
effect on performance and injector temperatures .  A slight performance 
improvement was noted, but insufficient tempera ture  data w e r e  obtained. 

Four nonfireable engines and s ix  se t s  of propellant valves were  
delivered by Marquardt to S&ID for use on boilerplate 14. 

Launch Escape Subsvstem (LES) 

The static tower tie-down firing test  was  conducted during the report  
period. Data acquisition was approximately 97  percent successful. P r e -  
l iminary motor performance data indicated both launch escape and pitch 
control motors  performed within specifications. 

18 
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‘CLI 

The launch escape motor for  boilerplate 6 has successfully undergone 
nozzle retrofitting to  provide for greater  nozzle carbon bearing surface and 
smaller  throat a r e a  consistant with a thrust  level of 155,000 pounds a t  
36,000 feet. 
i t s  spare  will  be ready for final shipment to WSMR during the next repor t  
period. 

This motor plus the pitch control motor for boilerplate 6 and 

Tower jettison motor AD-3 was successfully fired at 20 F following 
7 5  days of accelerated aging a t  160 F. 
the interim-fix nozzle configuration that features the addition of a 0.20-inch 
s teel  spacer between the carbor, and the steel  shoulder of the expansion cone 
for greater  carbon bearing surface, and the replacement of the aluminum 
nozzle closure with a polyurethane foam plug at the throat. 

This firing verified the integrity of 

The f i r s t  vibration tested tower jettison motor (AD-16) was s ta t ic  f i red 
Post-fir ing inspection of the motor showed that a l l  components successfully. 

functioned properly. 

INTEGRATION 

System Integration 

Four lunar landing missions have been recommended for use a s  design 
(1) a 5-3/4 day 60-hour t ransfer  mission to investigate design c r i te r ia :  

bases  for systems,  (2) an  8-day mission directed to  pr imary mission 
objectives to evaluate Probability of mission success ,  ( 3 )  a 14-day 7?-hniir 
t ransfer  -time mission to evaluate provisioning and probability of crew 
safety,  and (4) a 14-day 110-hour t ransfer  mission to investigate design 
bases  for systems. An evaluation of the spacecraft  wil l  be made against 
these missions and design modifications, i f  required,  will be reported to  
NASA. 

A detailed study has been made to determine the test  requirements for  
spacecraft  0 0 8  (environmental proof tes t )  to support the flights of 
spacecraft  009 (suborbital o r  orbital) and spacecraft  0 11 (manned orbital) ,  
and to  determine the extent of environmental testing required for each 
system. 
level of knowledge progression on each system from an  environmental 
standpoint and working up to those tes t s  required for mission success  and 
crew safety for  spacecraf ts  009 and 011. 
the necessary tes t s  to support spacecrafts 009 and 011 has been published. 
The tes t s  to be conducted consist of simulated unmanned three-orbit  flights 
in  both vacuum and non-vacuum conditions, a simulated three -orbit manned 
flight in a vacuum, and an extended manned orbital flight of approximately 
five o r  six orbits.  Certain emergencies and malfunctions will be prograined 
during some of these runs to verify emergency procedures.  

A tes t  ma t r ix  has been formulated for spacecraft  008 showing the 

A detailed tes t  plan to accomplish 
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The Apollo - Little Joe  I1 interface coordination document (ICD) was 
completed and copies forwarded to General Dynamics /Convair and NASA for 
review and approval. 
boilerplate 12 and the Little Joe  I1 booster, and defines detail requirements 
in all a r e a s  where f i rm data have been developed. 
f rom Convair a r e  being evaluated. 

This document identifies all interfaces between 

Comments on the ICD 

Ground Support Equipment 

The design concept of the special tes t  units (STU) for integrated 
checkout of the spacecraft systems has been approved by NASA. 
calls for the STU's to  be interchangeable by employing standard control and 
display units and by featuring a standard console wiring system. 
interchangeability allows hardware design to proceed without specific 
interface requirements for  each unit. 
prelaunch automatic checkout equipment (PACE) signal conditioners o r  the 
analog output of a telemetry ground station. Interface problems a r e  under 
study to determine site and function requirements. 

The concept 

This 

The STU will interface with the 

A preliminary analysis of the qualification tes t  requirements for each 
GSE model is being made to formulate a se t  of tes t  requirements commensu- 
ra te  with the operating disciplines under which Apollo GSE will be required 
to perform. 
essential" (i.e.,  PACE - spacecraft  carry-on) ,  life tes t s  were  not considered 
necessary.  
destructive and non-destructive load proof tes ts .  
scheduled upon completion of the analysis of the qualification tes t  
requirements.  

With the exception of equipment classified as "mission 

Selected i tems of handling equipment will be subjected to 
These tes t s  will be 

The method of spacecraft  008 checkout during environmental testing 
at Houston has  been determined as follows: 

1. 

2. 

3 .  

The environmental chamber instrumentation system will be used 
for measurements external to the spacecraft .  

Fo r  down-link operation, PACE - spacecraft  carry-on system and 
the data interleaving system will be used to t ransmit  data to the 
STU consoles. 

For  up-link operation, either the PACE - spacecraft  carry-on 
command system controlled by STU consoles o r  STU hardwired 
to the spacecraft systems will be used. 

Initial design requirements have been defined fo r  the GSE models 
shown in Table 2. 

20 
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a 

Model 
No. 

e 

Item 

A 14-020 

A14-022 

Service Module Cover 

Launch Escape System Cover 

H14-031 

H14-037 

H14-089 

H14- 106 

H14-107 

- -  - n i 4 - i Z i  

H 1 4- 03.4 

S14-036 

S 14-043 

HANDLING 

Fluid Distribution System 

Fluid Distribution 

Base Support Stand 

Propulsion Development Tes t  

N & G Polarity,  Test Fixture 

Tes t  Fixture Ground Adapter Sling 

F -2  Support Stand 

Service ivioduie Equipment Doiiy 

Fluid Distribution System 
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Reliability 

In preparation for the pad abort  t es t  of boilerplate 6,  analyses were  
made of data acquisition equipment and the launch escape sequencer, and a 
reliabil i ty/crew safety review was conducted. 
were  obtained from logic diagram and failure effect analysis of data acqui- 
sition equipment. 

The resul ts  shown in Table 3 

Table 3 .  Data Acquisition Equipment Analysis 

Data Acquisition 

Attitude and aerodynamics 

Temperatures 

Vibration 

Total Data Package 

Probability of 
Success 

0.96 165 

0.99074 

0.99324 

0.969 18 

A l l  data except vibration information will be te lemetered to the ground. 
In addition, all data will be tape recorded on-board to back up potentially 
high failure r a t e  items. 
successful data acquisition, no changes to the design of data acquisition 
equipment are recommended. 

Because of these predicted probabilities for 

A s  a resul t  of a failure effects analysis of the launch escape sequencer 
for boilerplate 6 ,  the design changes a r e  being made in the utilization of 
redundant a rm-d i sa rm relays and parallel  15.5-second time-delay relays.  
At present there  is one a r m - d i s a r m  relay controlling two parallel  circuits,  
each containing a 15.5-second time-delay relay.  The addition of a second 
a rm-d i sa rm relay in paral le l  will increase reliability. The addition, in  
each of the two circuits, of another 15.5-second time-delay relay that 
operates simultaneously with the other t ime -delay re lay  in the circuit ,  but 
with electrical  contacts in  s e r i e s ,  will prevent a premature  firing and will 
further increase reliability. 
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4. - 0 

OPERATIONS 

DOWNEY 

A planned tasks  and schedules document for boilerplate 12 has  been 
prepared and is being incorporated into the PERT network. 
study has  been made and facility changes requested to support a mated, 
integrated test on boilerplate 12. 
configuration. 

A preliminary 

The t e s t  will simulate the WSMR 

The boilerplate 13 instrumentation breadboard checkout procedure 
has  a r r ived  from NASA; the interim a r e a  layout for boilerplate 13 has  been 
reviewed and changes have been incorporated. 

Requirements have been coordinated on previously undefined tes t  
parameters  for the premodulation processor  central  equipment and for the 
television station. 
t es t  procedures. 

These requirements will affect boilerplate 14 operational 

Hardwire monitoring of data pickoff points is now provided for 
boilerplate 6,  instead of only an air-l ink monitor. 
and forward compartment harness , modification of the tes t  conductor's 
console, and new launch escape subsystem- (LES) earth landing system 
(ELS) sequencers a r e  in work. 

New command module 

A special WSMR transportation simulation for  boilerplate 6 was 
accomplished, following the LES-command module, gross  weight/ 
center of gravity, and thrust vector alignment procedure. This activity 
simulated t ransport  f rom the WSMR checkout hangar to the launch pad. 
The verification check disclosed the alignment to be well within the allowable 
tolerance of 0.1 inches,  with an actual measurement  of 0.015 inches. 

The A14-003 pyrotechnic device substitute unit i s  now awaiting NASA 
approval of mater ia l  review disposition concerning the hot wire/explosive 
bridge wire  box rework. 

The WSMR and AMR technical range data requirements h a v c  becn 
tabulated and released to Test Integration for inclusion in the mas tcr  
measurement  l ist .  
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WHITE SANDS MISSILE RANGE 

Construction of the WSMR mission abort  vehicle assembly building 
w a s  s tar ted on 24 April 1963, and the building column foundations have been 
poured. The electrical installations for the pad abort J-box a r e  continuing, 
and the checkout cable connector installation has  started.  
walls of the power house is nearing completion. 
near the pad abort launch complex, the access  roads,  and the road from the 
main access  road to  the hardstand have been completed. 

Forming for the 
The 500-foot weather tower 

The umbilical tower for the Little Joe I1 launcher has  been erected and 
the wiring started. 

ATLANTIC MISSILE RANGE 

The PERT network for boilerplate 13 was revised. This revision 
reflects the new Master Development Schedule 6 ,  covering 9 weeks Downey 
checkout and 11 weeks AMR field operations. 

The GSE utilization l is t  for boilerplates 13, 15, and 18 reflecting the 
current Apollo Test and Operations need dates was prepared. 
dates indicated w e r e  based on Master Development Schedule 6. 

The need 

LOGIST I C s  SUPPORT 

T rainin e 

The initial training analysis has been completed, showing that NASA 
will have a minimum GSE training requirement through spacecraft  009. 

Format  a n d  content requirements of the Apollo par t - task t ra iner  
instructor manual were completed. 

Supply Support 

Airborne spares re leased to date total 1400 line i tems ,  an increase  of 
550 spares  released during the report  period. 

Amended shipping instructions for boilerplate 6 GSE, GSE spa res ,  and 
bulk i tems have been issued directing shipment to WSMR. 
will be held at  Downey  until Apollo Test and Operations completes their t es t  
preparation functiuns. 

GSE end i tems  

Manuals 

All boilerplate 6 manuals with the exception of those associated wi th  
the  LES and ELS s e q u e n c e r  changes were delivered to NASA. 

24 - 
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Logistics Engineering 

Changes requested by NASA to the main-2nance concept, maintenance 
plan, and support plan have been completed. 

The GSE Planning and Requirements document is being revised. It 
will be published during the next report  period. 
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FA C ILIT IES 

INDUSTRIAL ENGINEERING 

Considerable rehabilitation and clean-up was accomplished in the 
static tes t  tower to accommodate the combined module mating and static 
t e s t  operations. 

Verbal approval was obtained this week for  the Apollo antenna test 
range. 
Downey operations. 

Both NASA and S&ID agree that the si te selected should be near the 

The rehabilitation of the Northrop-Ventura administration and 
parachute packing buildings was completed this week. 

Completion of the a r e a  layout of the space systems development 
facility is anticipated during the next report  period. 

The special autoclave in the new bonding facility i s  expected to be in 
operation during the next report  period. 

FACILITIES PROJECTS 

Systems Integration and Checkout Facility 

The general contractor began work on 18 April 1963. Pouring of the 
concrete foundation piles has been completed, forming for the pile caps 
and excavation for the tie beams has been s tar ted,  the underground f i r e  
main has  been completed, and underground electr ical  work has  begun. 
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